Limnological surveys from the pelagic zone of Lake Pont-de-Salars were undertaken during the 1993-1996 period, which included the emptying of the whole-lake in summer 1995 and the first post year refilling. This reservoir was warm and monomictic and was determined to vary between oligo-and meso-eutrophic status from year to year. Three sediment cores were collected from the deepest zone and frozen in situ during the short drying period, just after the emptying and before the refilling of the reservoir. Analysis of the relative abundance and vertical distribution of diatom taxa was undertaken. The diatom vertical distribution, evident by visual biostratigraphy, is confirmed by the correspondence analysis (CA) despite of absence of sediment dating.
Introduction
Diatom assemblages preserved in lake sediments can directly reflect the diatom flora in the water column and can indirectly indicate lake water quality due to short generation times and sensitivity to their environment (Barttarbee 1986, Leavitt Initially the aim of this study was to observe the vertical variability of diatom assemblages in the recently accumulated sediments, which was supposed to reflect environmental conditions of the pelagic zone at that time (Feuillade et al. 1995) . If there were some changes, it would be used to compare with diatoms in the pelagic zone before and after the emptying of the reservoir in order to observe the role of sediment diatoms in the recolonization of the water column (McQuoid & Hobson 1995). Table 1 .
This non-hydropower reservoir built by Electricité de France (EDF) in the 1950's is upstream and is di rectly connected to the pumping station of Lake Bage downstream. The surface of Lake Pont-de-Salars is re latively well sheltered from wind because of the eleva ted (ca.720-804 m) and forested (mainly oak, pine and bushes) surrounding terrain.
The water body is long, narrow and slightly dendri tic (Fig.l) . The geological nature of the lake basin is mica schist and gneiss. Due to the geographical loca tion, the climate has oceanic (spring and autumn), me diterranean (summer), and continental (winter) in fluences.
The major land use pattern of the sparsely populated (ca. 14 inhab./km 2 ) surroundings (> 70 %) is livestock breeding (bovine, ovine, porcine,...) and agriculture (cereals, feed grains and grasses). The reservoir is known for leisure activities (bathing, fishing, water sports and camping) in which untreated wastewater flows directly into the reservoir, in addition to the agri cultural and dairy farm wastewaters and runoffs.
Since the construction of the reservoir in 1952, two whole-lake emptyings were performed : firstly in 1972 without monitoring and secondly during this study period of August 21-September 1, 1995. According to the sediment cores study of Lake Pareloup (Dagnac 1994 ), near to Lake Pont-de-Salars, yearly sediment accumulation thickness was estimated at 0.5 cm of dry deposits, and sediment laminae were well distinguished. However, once they were dried, se diment samples stayed intact, and could not be remoistened (Dagnac 1994) . Moreover, according to the ana lyses of two sediment cores from the pelagic zone of Lake Pont-de-Salars (David 1998), the sediment was mainly composed of fine particles such as clay and silt (90 %) and contained about 81 % of water, 12 to 17 % of organic materials including 8 % of organic carbon and C : N ratio of 12, which indicated the importance of resistant plants from the watershed and 1.7 %o of to- A summary of physical and chemical features of the pelagic zone in the whole water column before the emptying is presented in Table 2 . The data characterize Lake Pont-de-Salars as unlimited (nutrients), mesotrophic (in particular, TP), modestly loaded ions (conductivity), crystalline (alkalinity), and usually neutral to slightly alkaline in the upper layer (down to metalimnion) in summer due to photosynthetic activities (pH). Suspended solids concentrations varied widely from 0 to 37800 |Xg l" A trophic status of the reservoir was studied using the TP model (Vollenweider 1976 ), water residence time, chlorophyll a and Secchi transparency (Fabre 1982 ) and some limnological studies (i.e., reservoir limnology, impact of inflow, biomanipulation, and phytoplankton dynamics...) were carried out during the 1993-1996 period (submitted & in preparation).
Material and methods
To avoid the problems of representatives from using only one or two cores (Anderson 1989 (Anderson ,1990 ), three short sediment cores (16.5-18 cm) from the pelagic zone were collected using hand handling PVC corers (inner diameter of 7 cm and 35 cm long) and were frozen in situ in September 1995. In the absence of undulations in laminae contrary to that of Lake Pareloup (Dagnac 1994), frozen sediments were continuously sectioned 0.5 cm in accordance with approximately supposed annual increments (Dagnac 1994 ) from 0 to 2.5 cm : A lamina at 10-10.5 cm was also sectioned, and each last lamina of 0.5 cm was sectioned from the end which varied from 16.5 to 18 cm. The same depth laminae from each core were well mixed in order to For data analysis and presentation, we used percen tage counting (relative abundance), biostratigraphy, and correspondence analysis which was used to sum marize the variability of core biostratigraphy (Barttar bee 1986, Anderson 1989 Anderson , 1990 ). Correspondence analysis was carried out using STATISTICA (StatSoft 2000).
Results

Relative abundances and biostratigraphy
All observed diatom taxa and relative abundance ra ting for the seven sediment laminae is presented in Table 3 . 121 taxa were identified that belonged to 28 genera. 13 taxa were determined to genus only. 14 species have minimum relative abundances at more than 2 % at least in one depth. 68-89 % of the diatom assemblages belonged to the centrales {Cyclotella, Cy clostephanos, Stephanodiscus, Aulacoseira, Melosird) and Fragilariaceae {Asterionella, Diatoma, Fraguaría, Meridion, Tabellaría).
Fraguaría crotonensis was dominant (> 20 % of re lative abundances), accompanied by either dominant or abundant (> 5 % of relative abundances) species su ch as Cyclotella radiosa, Stephanodiscus minutulus, and Asterionella formosa down to 2-2.5 cm. For Cy clotella stelligeroides which was abundant in the top layer, it included blurred individuals which were very difficult to identify to species such as Cyclotella pseudostelligera, Cyclotella stelligera, and Cyclotella woltereckii. In the sediment samples of the 10-10.5 cm, Asterionella formosa and Stephanodiscus minutulus were dominant accompanied by abundant Cyclotella stelligera and Aulacoseira subarctica which was also abundant at the 2-2.5 cm lamina. For the last layer (16.5-18 cm), Cyclotella stelligera was dominant, ac companied by abundant Tabellaría flocculosa, Achnanthes minutissima, and Fraguaría capucina which were never abundant above the laminae.
Vertical variability of mostly representative taxa was presented as a biostratigraphy in figure 2 which inclu ded the modestly recorded taxa occurring almost throughout the depths such as Gomphonema parvulum, Aulacoseira ambigua, Aulacoseira distans, and Navícula cryptocephala. The biostratigraphy summa rized well the changes of the sediment depths and was in accordance with the rating of relative abundances (Table 3 ).
Correspondence analysis
For the CA ordination, 15 taxa were selected. 14 taxa were rated 'frequent' (> 2 % relative abun dances at least in one layer) and Cyclotella pseudostelligera (relative abundance > 1.5 %) which could be confused with Cyclotella stelligeroides for the top layer (Fig. 3) . Ordination of CA showed well distin guished vertical variabilities in four groups (about 89 % of inertia mainly by X-axis of 72 %) to indicate the diatom assemblages in relation to sediment depths (L0-LL) as well as in accordance with relative abun dances and biostratigraphy (Table 3 and Fig. 2) . The top layer (L0-0.5 cm) was characterized by Stephano discus minutulus (SMi), Cyclotella pseudostelligera (CPs), Cyclotella stelligeroides (CSd), Asterionella formosa (AsF), and Aulacoseira subarctica (ASu). The following 4 layers (L0.5-1 cm, LI-1.5cm, LI.5-2 cm, and L2-2.5 cm) showed a very similar pat tern associated with Cyclotella radiosa (CRa), Fragilaria crotonensis (FCr), and Cyclotella woltereckii (CWo) but they shared with the top layer Stephanodis cus minutulus (SMi), Aulacoseira subarctica (ASu), and Asterionella formosa (AsF). The 10-10.5 cm layer (L10) was well distinguished with respect to Aulaco seira ambigua (AAm), which had a high relative abun dance value( > 2 %) and thus was rated 'frequent' (Table 3) 
Tableau 3. Liste des espèces de diatomées et les classes d'abondance relative pour les sept couches de sédiment étudiées : dominante (D > 20 %), abondante (A > 5 %), fréquente (F > 2 %), occasionnelle (O > 5 %), présente (P), absente (-).
Taxa name \ sediment depth (cm) LOO. 5 LO.5-1 L1-1.5 L1.5-2 L2-2.5 L10-10.5 LLas Gyrosigma sp.
Navícula pupula Kützing var. pupula capucina (FCa), Achnanthes minutissima (AMi), Aulacoseira distans (ADi), Gomphonema parvulum (GPa), and Cyclotella stelligera (CSt) which were distinguished by highest relative abundances in this layer only.
Discussion and conclusion
Diatom assemblage changes
Vertical variability of diatom assemblages indicated little change between the top layer (L0) and the (supposed) recently accumulated sediments (L0.5-L2) which showed the same type of diatom assemblages using relative abundances, thereafter illustrated by the biostratigraphy, and finally by the correspondence analysis. However, the discontinuities or changes of diatom assemblages with sediment depths were clearly observed in the L10 and LL layers which were discontinuously sliced from the top layers. The sparsely dispersed pattern of the last layer may reflect the heterogeneity of the sediment preparation due to different depths among the three cores (16.5-18 cm).
The taxa rating such as dominant, abundant, and frequent (Table 3) in the supposed recently accumulated sediments (0-2.5 cm) were generally observed with relatively important proportions in the pelagic zone before the emptying (in preparation). The importance of centrales {Cyclotella, Cyclostephanos,
Stephanodiscus, Aulacoseira, and Melosira) and Fragilariaceae (Asterionella, Diatoma, Fraguaría, Meridion, and Tabellaría) was in accordance with Wessels et al. (1999) in Lake Constance, in particular. In general, dominant, abundant, and frequent taxa of all the observed layers (Table 3) . We already ha ve discussed the similarity of species assemblages in the four adjacent layers from 2.5 cm to 0.5 cm above. Little change of species assemblages were noted due to a modest increase of Stephanodiscus minutulus from these layers to the top layer of 0-0.5 cm.
Case of Cymbella triangulum (Ehrenberg) Cleve
Recently noted as an invading and expanding spe cies in France and Europe (Bertrand & Coste 1994) , Cymbella triangulum only occurred modestly (Table  3) down to 2.5 cm in the sediment cores which seemed in accordance with this hypothesis. In summary, despite the absence of sediment dating and sediment analyses, the diatom assemblages of the sediment cores showed vertical variability with the depths using relative abundances, biostratigraphy, and correspondence analysis from the pelagic zone of Lake Pont-de-Salars. First, each layer was represented by four or five do minant or abundant taxa composed mainly by cen trales {Cyclotella, CycloStephanos, Stephanodiscus, Aulacoseira, Melosira) and Fragilariaceae {Asterio nella, Diatoma, Fraguaría, Meridion, Tabellaría).
Secondly, four distinguished diatom groups with se diment depths were observed by the CA in accordance with relative abundances ; the top layer (L0), the next following four layers (L0.5-L2), the 10-10.5 cm layer (L10), and the last layer (LL). From the last layer to the top layer, diatom assemblages reflected moderately and continuously nutrient enriched conditions. However, it showed little environmental change between the top layer and the four following layers. The occurrence of Cymbella triangulum down to 2.5 cm only seemed to indicate that the first layers (L0-L2.5) were recently ac cumulated. Diatom assemblages of the 10-10.5 cm and the last layer showed differences compared with the top layers. The last layer showed a very distinctive and dis persed pattern, with characteristic diatom taxa {Cyclo tella stelligera, Tabellaría flocculosa, Fraguaría capu cina, Achnanthes minutissima) which indicated indi rectly both a shift of environmental conditions and the heterogeneity of sample preparations.
